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Abstract 
Driving safety can be achieved by the prevention of risky situations which may require the knowledge of vehicle dynamic 
state as well as road geometry. In India the traffic condition is very complex in nature. There exists a mixed traffic flow with 
no lane discipline. Hence the lateral movement of the vehicles are very high due to no lane discipline. Lateral acceleration is 
one of the most important vehicle dynamic variables. Several studies are done by various authors on lateral acceleration in 
curves. It is also very important to study the lateral movement of the vehicle in case of straight road section to know the 
vehicles maneuver. The main purpose of this study is to observe the lateral acceleration, speed values in the moderate traffic 
conditions and to investigate the relationship between the vehicle longitude speeds with the lateral characteristics in the Indian 
traffic condition. Relation between lateral acceleration and heading angle with longitudinal speed is explored for the three 
different types of vehicles. There exists an inverse relation between longitudinal speed and lateral acceleration for all the three 
types of vehicle except at lower speeds. The vehicles rate of change of heading angle also reduces at higher speed. 
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1. Introduction 
The view of the long unending Indian traffic from a height is a sight bear the pressure of a few hundred 
thousand vehicles playing on their roads every day. The sight is mesmerizing with buses, cars, two wheelers, 
auto-rickshaws packed side to side, claiming their space on the road and moving on inactively. There are no lanes 
of traffic, just one huge mass and more importantly, no discipline. Lanes are defined by broken or solid white 
lines. Lane discipline definition in terms of driving is when a driver always keeps his/her vehicle within the road 
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markings indicating lane unless changing lanes or direction. However such lane behaviour is hardly seen in 
Indian heterogeneous traffic condition.  
The task of driving can be defined as tracking a path and lane along a given roadway. One of the 
important skills in driving is the perception of lateral force (apart from longitudinal forces from its leading 
vehicle) which results from a change in the direction of motion. Importance of such lateral forces increases due to 
weak lane discipline. Vehicle in such streams continuously interact with the vehicles which are present in its 
neighbourhood (longitudinal as well as lateral directions). This forces to change the vehicle longitudinal as well 
as lateral position on road to optimise its speed and journey time. Lateral positioning of vehicle is influenced by 
various factors like roadway geometry, traffic condition and gap availability between vehicles. Hence on a road 
section, the lateral positioning depends upon; driver behaviour, vehicle type and most importantly the traffic 
parameter like speed. 
Longitudinal interaction of vehicles in traffic stream has been studied since long time. However, the 
lateral behaviour of vehicles (a most important criterion for the Indian condition) has not been explored much 
until now. Due to no lane discipline and mixed traffic condition, the lateral movement of vehicles are very high 
comparing to other countries with proper lane discipline. The absence of lane behaviour implies that a driver not 
only interacts longitudinally with the vehicles ahead but also laterally with vehicles on its sides. The speed choice 
of the vehicle will also depend upon the lateral acceleration of the vehicles, especially in curve driving. Hence, 
this study is important for the realistic traffic flow model simulation, vehicle/driver behaviour of the vehicles due 
to various traffic features like vehicles ahead, vehicles to the side, the mixed traffic condition, etc. 
In the past, some work has been already made to know the vehicles lateral movement behaviour. These 
studies have been conducted in different countries, explored the change in behaviour of vehicles lateral position 
with respect to different traffic condition, traffic parameters (speed), driver behaviour, and road features (road 
marking, rumble strips), day time or night time driving conditions etc. It was observed that there exists an 
endogenous relationship between speed and lateral vehicle position. However, most of the studies were 
conducted on curved roads. Studies related to behaviour of vehicles lateral position in no (or weak) lane 
n 
Indian traffic streams needs to be conducted to analyse the weaving motion of vehicles in such traffic. 
2. Objective 
The present study focuses on the analysis of lateral and longitudinal behaviour of vehicles in mixed traffic 
condition on Indian highway. This study includes the observations on the lateral behaviour of different vehicle 
types and effect of longitudinal speed on lateral behaviour (i.e. lateral acceleration) of vehicle. Further, the effect 
of the longitudinal speed on the yaw rate (rotation of the vehicle with respect to the vertical axis of the vehicle or 
an indicator of steering angle, Yung-Hsiang Judy Hsu, 2009) of the vehicle is also explored. 
3. Literature review 
lateral position and lateral speed. 
different longitudinal characteristics. Several methods are used to find the lateral characteristics of the vehicles in 
the literature. Jiann-Shiou Yang (2012) determined the vehicle heading angle by using image based technique via 
an in-vehicle camera. The heading angle was determined by converting the front view images to their 
corresponding top view images via homography. Then by using feature selection and tracking from those top 
view images, via Lucas-Kanade optical flow technique determined the heading angle and lateral displacement of 
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l characteristics for the development of an 
innovative rumble strip LDW-system. Tests were conducted in several areas of Duluth, Monneesota with speed 
limit of 50 to 65 mph. It was observed that at 50 mph, the vehicle deviates from the centre of the lane with in ±4 
ft, however, at higher speed of 65mph vehicle deviates with in ±5 mph. Overall, the range of the heading angle 
lies between 18.7º to -12.76º and the lateral displacement is from 2.97ft (right) to -2.11ft left. Shauna Hallmark 
(2009) conducted a study on the curve road section to find if any endogenous relationship exists between speed 
and lateral position of vehicles. Data were collected by using Z configuration pneumatic road tubes at three rural 
two lane curves with paved roads and earthen shoulder for four days period and evaluated 589 vehicles selected 
randomly. 340 vehicles were travelling at 55 mph and the rest were found bellow 55 mph. Data were compared 
for daytime and night time periods, given driver behaviour can very between these time periods. Results 
statistically signify that vehicles at higher speeds had greater odds of near lane crossings. Again Odhams and 
Cole (2004) had done a study which reviews the existing published models of speed choice, and compares the 
models by fitting them to experimental data gathered in a driving simulator experiment. The results show a clear 
drop-off in lateral acceleration with increase in the speed.  
Ritchie et al. (1968) conducted a study on relation between longitudinal velocity and lateral acceleration 
in curves during normal driving. 50 drivers out of which 25 males and 25 females, each drove a selected course 
of Ohio highways which was 110 miles long and contained 227 identifiable curves, 73 of which had advisory 
speed signs. The result showed that lateral acceleration was an inverse function of speed in curves. No difference 
was observed between the scores for men and women in speed range bellow 20 mph. Men drives faster than 
women and hence produces higher lateral acceleration records. The lateral acceleration was not related either sex 
or driving speed for speed range bellow 20 mph. For speeds above 20mph there exists a strong inverse relation 
for all groups. Stodart and Donell (2008) conducted a study on the behaviour of speed and lateral vehicle position 
in controlled night time driving condition. The purpose of this research was to collect driver speed and lateral 
vehicle position data along a complex two lane rural highway in Pennsylvania during night time conditions. The 
road was closed to through traffic during experiment, not to influence the driver behaviour by other vehicles. The 
restrictive nature of the roadway geometry did not produce a significant amount of variation in vehicle lane 
position among the vehicles. However, two variables (i.e. curve direction and horizontal curve radius) were found 
to have the largest association with the change in vehicle lane position.  
Reymond et al. (2001) concluded that drivers adjust their speed in curves so that maximum vehicle 
lateral accelerations decrease at high speeds. The pattern of lateral accelerations is described by a new driver 
model, assuming drivers control a variable safety margin of perceived lateral acceleration according to their 
anticipated steering deviations. It was predicted that extreme values of lateral acceleration in curves decrease 
quadratically with speed in accordance with the experimental data obtained from a vehicle driven on test track 
and a motion based driving simulator. Further, Dijksterhuis et al. (2010) studied the effect of steering demand on 
lane keeping behaviour. Driving simulator was used to determine changes in mental effort in response to 
manipulation of steering demand. Changes in mental effort were assessed using subjective effort ratings, 
physiology, and the standard deviation of the lateral position. Steering demand was increased by exposure to 
narrow lane widths and high-density oncoming traffic while speed was fixed in all conditions to prevent a 
compensatory reaction.  
The review of literature on lateral characteristics of vehicles revels that change in lateral position 
depends on various traffic parameters, road condition as well as the geometric condition of the road. Numerous 
studies had been conducted using different methods and technologies to find the lateral position of vehicle on 
road. Most of the studies were limited to analysis of lateral movement of vehicle on curves. Studies related to 
-disciplined traffic were found important 
eral movement behaviour in a traffic stream for accurate simulation model. 
Therefore, present study analyses the lateral and longitudinal characteristics of vehicles in such traffic condition. 
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4. Methodology 
The study explores the association of lateral characteristics (like lateral acceleration) of different 
vehicles on a straight highway. For this study, V-Box, Inertial Measurement Unit (IMU) and multifunctional 
display along with a laptop (for real time monitoring) and battery (for power supply) are installed in subjected 
vehicle. V-Box is a kind of high accuracy GPS which provides the vehicle position (with sub meter accuracy) and 
speed (with 0.1 kmph accuracy) at 10 Hz data logging frequency. IMU is a solid-state sensor that provides the 
in three orthogonal axes. A unique feature is the two sets of acceleration measurements. One set gives sensor 
acceleration with respect to the sensor mounting face while the other set resolves the motion into horizontal and 
vertical components, irrespective of the sensor attitude. This allows forward and lateral acceleration 
measurements that are essentially free of gravity influences. IMU sensor is fixed tightly inside the subject vehicle 
at a level surface (refer Figure 1). Multifunctional display shows the various parameters measured by V-Box and 
IMU real time sensor (refer Figure 1). Three different vehicle types (like hutch back car, sedan car and motorized 
three wheeler) are considered in this study (details of subject vehicles are provided in Figure 1). 
                
V-Box, IMU and Multifunction Display installed in car     V-Box, IMU installed in motorized three wheeler 
 
 
 
 
 
 
 
 
Battery for power supply    Multifunctional Display 
 
 
 
 
 
 
 
 
 
Tata Indigo ECS (2012 model)   Tata Indica V2 (2012 model)    Motorized Three wheeler (2010 model) 
Figure 1 Equipment setup and vehicles used for data collection 
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Data was collected on a 3km level and straight midblock section of a four-lane divided road highway 
(NH 37) on May, 2012 during morning peak hour in sunny weather condition. Flow on the road was 
approximately 2500 PCU/h. Experiment was conducted during moderate flow condition to insure vehicle to 
vehicle interaction. Road surface was in good condition and lane marking was there. This section was free from 
any side interference as the service road was provided in either side. A total of 20 trip data was collected for each 
vehicle. 
Data corresponding to all trips were extracted in the report generator (refer Figure 2) using V-Box Tools 
Software. This software enables to configure the setup of V-Box or to view and process the V-Box data either in 
real time or in post-processing. Extracted data contains various parameters like run no., speed, time, distance 
travelled, longitudinal acceleration, lateral acceleration, yaw rate, pitch rate, etc. corresponding to each trip. 
These data was analyzed for longitudinal and lateral characteristics of different class of vehicles and results are 
presented in next section. 
5. Result and Analysis 
From the analysis of various collected parameters, the variation of lateral acceleration and yaw rate with 
longitudinal speed are explored. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2 Screen shot of data extraction process using VBOX Tools Software 
Therefore, under this study following relations are analysed:  
 Variation of lateral acceleration with longitudinal speed of different vehicle types  
 Variation of yaw rate or heading angle (proxy of steering angle) with longitudinal speed of different 
vehicle types  
357 Geetimukta Mahapatra and Akhilesh Kumar Maurya /  Procedia - Social and Behavioral Sciences  104 ( 2013 )  352 – 359 
 Range of lateral acceleration and yaw rate of different vehicle types  
 
5.1. Lateral acceleration variation with longitudinal speed 
Lateral acceleration is an important lateral characteristic of the vehicles which decide the weaving rate 
of the vehicle. Lateral accelerations data at different longitudinal speeds during all trips a vehicle are shorted. In 
ordered to see the average behaviour, lateral acceleration values are averaged over each 0.5 m/s longitudinal 
speed range and plotted against longitudinal speed. This referred as idealized relationship between lateral 
acceleration and longitudinal speed as shown in Figure 3. It is observed that for all class of vehicles, lateral 
acceleration values are low at near zero speed and it quickly increases with increase in speed. Further it attains a 
maximum lateral acceleration value with increase in speed. However, if speed increases further lateral 
acceleration capability of vehicle fall quickly. Lateral acceleration values remains low (from maximum lateral 
acceleration values) at speed greater than 5m/s (18 km/h). This states that lateral manoeuvrability are generally 
high at lower speed and reduces at higher speed. This behaviour is due to the fact that driver does not feel safe for 
high lateral weaving at higher speed. A significantly higher lateral acceleration is observed towards highest speed 
range of motorized three wheeler. The explanation of such behaviour may require a large scale data collection. 
This unexpected behaviour may result due to some special case of vehicular interaction at higher speed. 
 
Figure 3 Relationship between lateral acceleration with longitudinal speed of all three vehicle type 
Further, it is observed that maximum lateral acceleration limit varies with vehicle type. Motorized three wheeler 
shows the highest lateral acceleration and sedan car (i.e. Indigo) shows the least. This results corroborate the fact 
that three wheeler offers higher lateral manoeuvrability with respect to other vehicle.  
5.2. Heading angle variation with longitudinal speed  
realistic microscopic modelling of such traffic stream. Similar to previous subsection, heading angle (yaw rate) 
data at different longitudinal speeds during all trips a vehicle are shorted. To get the idealized relationship 
between heading angle and longitudinal speed, heading angle data are averaged over each 0.5 m/s longitudinal 
speed range and plotted in Figure 4.  
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Figure 4 Relationship between heading angle with longitudinal speed of all three vehicle type 
It can be observed that similar to lateral acceleration vs. longitudinal speed relation, heading angle also varies 
from low to high with increase in longitudinal speed and further decreases to a very low value with further 
increase in longitudinal speed. This is also similar to as expected in real traffic stream. Maximum values of the 
heading (yaw) angle varies with the vehicle type. Motorized three wheeler and Indica exhibit similar values of 
maximum heading angle while heading angle of Indigo car is the least. This is due to the poor lateral 
manoeuvrability of Indigo among the other vehicles considered in this study. 
5.3. Range of lateral acceleration and yaw rate  
From the result presented in Figure 4, it can observe that there also exists an inverse relationship between the rate 
of change of heading angle and speed of the vehicle except at lower speed. From Figure 4, it is found that the rate 
variation of heading angle is higher at lower speeds. This may be due to the reason that at lower speed the 
weaving action of the vehicle is higher depending upon the surrounding traffic. As we know that the Indian 
traffic is mixed in nature, the vehicle will try to manoeuvre within the spacing available between the surrounding 
traffic. But in case of higher speed the vehicle is moving at the outer edge of the road i.e. near the divider. Hence 
at higher speed there is less possibility of the weaving and turning action. So, the heading angle remains more or 
less constant at higher speeds. 
Table 1 Range of Lateral Acceleration and Heading angle at speed higher than 5 m/s 
Type of Vehicle Range of lateral Acceleration Range of Heading Angle Rate 
Sedan (Indigo ECS: 2012) +0.5 to -1 (m/s²) ± 1.5 (º/s) 
Hatchback (Indica V2: 2012) +1 to -1.5 (m/s²) ± 2 (º/s) 
Motorized Three wheeler (Auto: 2010) +2 to -3 (m/s²) ± 4 (º/s) 
6. Conclusion  
In this paper the lateral characteristics of the vehicle with respect to speed is collected for three different vehicle 
types. The effect of speed as well as the vehicle type on the lateral behaviour is studied. It is observed that there 
exist an inverse relationship between the speed and the lateral characteristics except at lower speeds (speed 
between 2m/s to 4m/s). The lateral acceleration as well as the heading angle is zero at zero speed and it gradually 
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increases to the highest value with the increase in the speed range of 3 m/s corresponding to the increase in the 
speed value. After 3 m/s speed the lateral behaviour suddenly decreases with increase in the speed and remains 
constant at higher speed levels (after 5 m/s). The vehicle type also affects the lateral behaviour. Main findings of 
this study are summarized below;  
 The lateral acceleration is very high in case of three wheeler and lower in case of Sedan cars.  
 The heading angle of the three wheeler is very high i.e. ± 4 (º/s), compared to the cars due to the mixed 
and no lane discipline road.  
 The variation in lateral acceleration is higher at lower speeds i.e. within 5 m/s and decreases with the 
increase in the speed after 3 m/s for all three types of vehicles. After 5 m/s the lateral acceleration 
remains more or less constant within the range of ± 2 m/s².  
 Similarly the variation in heading angle is also very high at lower speed due to the easy manoeuvre of 
the vehicles and remains more or less constant within the range of ±4 for all the three types of vehicles.  
Lateral characteristics of the traffic are one of the important characteristic in case of no lane discipline road. Due 
to the high lateral movement there exists frequent accidents and congestion in Indian roads. Hence to avoid these, 
lane discipline is an important criteria to be considered. 
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